The contributions of a second Higgs doublet to the electron electric dipole moment near the heavy Higgs decoupling limit are determined within an effective field theory framework. In models that satisfy the Glashow-Weinberg condition, the leading contributions in this limit at effective dimension six are shown to come from two-loop Barr-Zee diagrams that include only internal Standard Model gauge bosons, third-generation fermions and the Standard Model-like Higgs boson. Additional contributions from two-loop Barr-Zee diagrams that include heavy Higgs bosons are sub-leading and contribute only at effective dimension eight near the decoupling limit. This simplification implies that to leading order in this limit, contributions of a second Higgs doublet to the electron electric dipole moment can be couched entirely in terms of the ratio of Higgs doublet expectation values and a single universal phase appearing in the effective couplings of the Standard Model-like Higgs boson to fermions, without direct reference to the heavy Higgs boson masses or couplings. The bound on the electron electric dipole moment from the ACME II experiment constrains the phases of the couplings of the Standard Model-like Higgs boson to up-type quarks and leptons at the part per mil level in Type I and IV two Higgs doublet models. In Type II and III models these phases are constrained at the two parts per mil or better level except in a tiny sliver of parameter space with nearly equal Higgs doublet expectation values where destructive interference among contributing diagrams happens to occur. In a more general phenomenological parameterization with individual effective phases in the couplings of the Standard Model-like Higgs boson to third generation fermions and the electron, the top quark and electron coupling phases are constrained at the part per mil level except in tiny slivers of parameter space, while the bottom quark and tau-lepton coupling phases are constrained only at the thirty percent level.
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Introduction
Discovery of the Higgs boson at the Large Hadron Collider (LHC) [1, 2] has opened up a new experimental window into the physics responsible for electroweak symmetry breaking. Cross section times branching ratio measurements of the various Higgs boson production and decay channels that have been isolated in LHC data provide a wealth of information about the coupling strengths of the Higgs boson to individual third-generation fermions and massive vector bosons [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Additional and complementary information on the Higgs sector may be extracted from the short distance effects of the Higgs boson in high-precision, low-energy experiments. In this work, we study the effects of parity (P) and time reversal (T) violation in the Higgs sector on the electron electric dipole moment (eEDM). We focus on this particular observable, first because it has been recently probed with exquisite sensitivity in the Advanced Cold Molecule Electron EDM thorium monoxide experiment ACME II [13] , and second unlike the neutron electric dipole moment or Schiff moments of nuclei, it does not suffer large hadronic matrix element uncertainties.
P and T violation arise in many extensions of the Standard Model, and T violation in the Higgs sector is particularly important for theories of electroweak baryogenesis [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . The bulk of this work is dedicated to studying theories in which P and T violation can be parametrized by a non-minimal Higgs sector extended to include a second Higgs doublet [31] [32] [33] . We further specialize in Two Higgs Doublet Models (2HDM) with GlashowWeinberg conditions (types I-IV) [34] , since such theories are protected from strongly constrained flavor changing neutral currents [35] . In an appendix, we also discuss other parametrizations allowing for P and T violation in the individual Higgs Yukawa interactions with the electron, tau, top and bottom fermions, which arise in a variety of popular models as the aligned 2HDM [36, 37] and in theories of electroweak baryogenesis [17, 19] .
In the 2HDM with Glashow-Weinberg conditions, the current generation of Higgs boson cross section times branching ratio measurements requires proximity to the limit in which the couplings of the 125 GeV Higgs boson are aligned with the Standard Model expectations [38] . One way in which alignment can be obtained is in the heavy Higgs decoupling limit. In this limit, the additional Higgs bosons beyond the Standard Model-like Higgs boson are made heavy by taking combinations of the dimensionful relevant Higgs potential parameters large, holding the dimensionless marginal interactions and measured Higgs sector parameters fixed [39, 40] . Near this limit the couplings of the Standard Model-like Higgs boson are nearly aligned with those of the Standard Model Higgs boson.
Near the decoupling limit, the ratio of electroweak condensate to the masses of the heavy Higgs bosons provides a small decoupling parameter in which to analyze the contributions to the eEDM. In the exact decoupling limit the contributions of the second doublet to the eEDM vanish, while near the decoupling limit the contributions to the eEDM may be organized as an expansion in the small decoupling parameter. A systematic method to obtain this expansion is to use effective field theory (EFT). In this approach, the heavy Higgs doublet is integrated out and the short-distance effects on the low energy theory are organized in an operator product expansion (OPE) controlled by the operator's effective decoupling dimension [41] . In this work, we obtain the contributions from the second doublet to the eEDM at leading order (effective-dimension six) in the OPE, or equivalently, at leading order in the small decoupling parameter. We do not study the regime in which the masses of the extra Higgs bosons are comparable or smaller than the scale of the electroweak condensate. In this case, alignment may be achieved without decoupling, and a different analysis of the eEDM is needed [38, [42] [43] [44] ].
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Near the decoupling limit, the EFT approach allows us to identify considerable simplifications in the calculation of the eEDM within the types I-IV 2HDM. The most important result is that at effective-dimension six, P and T violation in the eEDM (or any other low energy observable) may be completely described by only two parameters, in addition to measured Standard Model couplings and masses. The first parameter is the ratio of the two Higgs doublet expectation values, tan β. The second parameter is a single Pand T-violating effective phase, which may be very simply expressed in terms of a unique combination of relevant and marginal couplings of the two Higgs doublet potential. This unique phase appears exclusively in effective dimension-six cubic Yukawa interactions of the light Higgs doublet with fermions. Other operators containing different P-and Tviolating combinations of 2HDM parameters, including the unknown individual masses of the heavy Higgs states, are suppressed at effective dimension-six and only arise at effectivedimension eight. In particular, we show that P and T violation from heavy-Higgs mediated four-fermion interactions, arises only at effective-dimension eight due to a GIM cancellation between the contributions of the two heavy neutral Higgs bosons to the operator's coefficients.
Using our results and the latest ACME II eEDM experimental limits, we severely constrain P and T violation in all types I-IV 2HDM. We find that in all the types of 2HDM near the decoupling limit, the P-and T-violating part of the Higgs coupling to any fermion is constrained to be approximately less than 10 −3 times the corresponding Standard Model Yukawa, with two exceptions. First, large P-and T-violating Higgs-fermion interactions are still allowed in the types II-III 2HDM in a narrow region around tan β 1.3, where destructive interference between different contributions to the eEDM arises. Second, the Higgs coupling with bottom quarks may still have a significant P-and T violating part in the type IV 2HDM at large tan β.
Finally, and going beyond the types I-IV 2HDM, in an appendix we also briefly discuss ACME II limits on theories that can be parametrized by P and T violation in the individual Higgs Yukawa interactions with the electron, tau, top and bottom fermions. We find that, excepting regions where interference between the contributions to the eEDM from the different P-and T-violating Yukawa interactions arises, P and T violation in the electron and top Yukawas is constrained to be less than 2.0 × 10 −3 and 1.3 × 10 −3 times the corresponding Standard Model Yukawa. P and T violation in the bottom and tau Yukawas may still be considerable, at the level of 0.3 times the corresponding Standard Model Yukawa.
This paper is organized as follows. In section 2 we present the Naturally Flavor Conserving 2HDM and define notation. In section 3 we study P and T violation in the effective theory obtained by integrating out the heavy second Higgs doublet. In section 4 we obtain the leading order contributions to the eEDM for the types I-IV 2HDM using the EFT description, and we use the recent ACME II limits to set constraints on P and T violation on the types I-IV 2HDM. In section 5 we discuss the general conclusions of our work. Appendices A-C are dedicated to technicalities. Finally, in appendix D we present limits on P and T violation in the individual Higgs Yukawa interactions with the electron, tau, top and bottom fermions for generic theories beyond the 2HDM.
Naturally flavor conserving two-Higgs doublet Higgs sector
We consider a Higgs sector containing two doublets Φ a , a = 1, 2, with hypercharge +1. The most general Lagrangian density at the renormalizable level for the two doublets and Standard Model fields is
In the four types I-IV 2HDM, the Yukawa matrices are completely specified by the fermion mass matrices, the Higgs condensate v = 246 GeV, the ratio of the vacuum expectation values tan β and the condensate phase e iξ , so they do not introduce additional independent parameters to the theory beyond the ones already contained in the 2HDM potential. Explicit expressions for the Yukawa matrices may be found in [41] .
In this work, we study the contributions of the four types of 2HDM with GlashowWeinberg conditions to the eEDM. Two Higgs doublet models with Glashow-Weinberg conditions have a unique PQ invariant P-and T-violating phase, which may be measured in the eEDM. This phase may be chosen to be the relative phase between the complex quartic coupling and the condensate phase Arg(λ 5 e 2iξ ). For brevity, for the rest of this work we refer to P and T violation simply as T violation, with the understanding that breaking of both symmetries is intended when referring to the 2HDM P-and T-violating phase.
The leading contributions of the 2HDM to the eEDM come from two-loop Barr-Zee diagrams with neutral Higgs mass eigenstates in the loops [50] [51] [52] [53] [54] . The neutral Higgs mass eigenstates are admixtures of the neutral components of the doublets Φ 1,2 , so their masses and couplings are usually obtained in a unitary mixing approach, diagonalizing the 3 × 3 neutral scalar mass-squared matrix. The Barr-Zee diagrams mediated by the Higgs scalars depend on a combination of tan β, the three neutral Higgs masses and three mixing angles, which in turn depend on complicated non-linear combinations of 2HDM parameters, including the T-violating phase Arg(λ 5 e 2iξ ). As a consequence, available studies of the eEDM within a unitary mixing description are presented slicing the multi-dimensional 2HDM parameter space [23, [45] [46] [47] [48] , keeping some of the parameters fixed. An alternative approach to the unitary mixing description may be used near the decoupling limit. In this limit, the masses of the extra Higgs bosons H, A, H ± lie all close to a heavy scale m H ≈ m A ≈ m H ± , which is much larger than the electroweak scale m H m h = 125 GeV. Integrating out the heavy Higgs bosons leads to an effective theory (EFT) organized in an operator product expansion. In the next section, we follow this EFT approach and we identify the T-violating operators contributing to the eEDM, coming from integrating out the heavy Higgs bosons of the 2HDM. In this way, we will show that near the decoupling limit, several simplifications in the analysis of T violation in the types I-IV 2HDM arise.
Dimension-six T-violating effective operators
In the decoupling limit, the heavy Higgs states may be integrated out, and the low energy theory contains a single Higgs doublet H. The modifications to the Standard Model from integrating out the heavy doublet are organized in an operator product expansion controlled by an effective operator dimension that counts powers of suppression by the heavy Higgs mass scale [41] . The effective operator dimension n E is defined by
where n m 2 H corresponds to the number of powers of the heavy scale m 2 H in the operator's coefficient. In this work, we work up to effective dimension-six. Effective dimension-six operators capture the leading order corrections to the Standard Model in an expansion in powers of the electroweak scale over the heavy Higgs mass scale. The effective dimensionsix low energy effective theory obtained from integrating out the heavy Higgs bosons at tree level is [41] 
The coefficients of the dimension-six operators in (7) and the dimension-six Higgs potential V (H) are given in [41] for all the types I-IV 2HDM. In what follows we concentrate on studying T violation in the effective theory. The effective theory (7) contains only two T-violating dimension-six operators: four-fermion and cubic Higgs Yukawa operators. We now discuss the effects of each operator. We start with the four-fermion operators. In [41] it was found that for all the types I-IV two Higgs doublet UV completions, the two Higgs doublet theory T-violating phase Arg(λ 5 e 2iξ ) does not lead to T violation in the four-fermion operators at effective dimensionsix, due to a GIM cancellation. We now reproduce a proof of this feature by calculating the different contributions to the four-fermion operator coefficients from each one of the heavy Higgs bosons. The dimension-six four-fermion operator coefficients depend on the heavy-Higgs Yukawas and the heavy Higgs masses. To keep track of the PQ invariant At lowest order in the decoupling parameter H and A are degenerate, m H ∼ m A , so at effective dimension-six the two T-violating four-fermion operator coefficients Eq. (10) and (11) cancel out via a GIM mechanism in the Higgs sector, as advertised above. Note that the CKM phase does appear in effective dimension-six four-fermion operators, since it is contained in the quark mass matrices, but its effects in the eEDM are strongly suppressed by the Jarlskog invariant [55] , and are neglected in what follows.
Type I Type II Type III Type IV Table 1 : Operator coefficients for the effective dimension-six cubic Yukawa operators for the types I-IV 2HDM UV completions leading to the effective theory (7). The operator coefficients are given by η 
where the Higgs boson Yukawas are given by 
8 where κ f are complex coupling modifiers given in table 2 for each type of fermion. The imaginary part of the complex coupling modifiers κ f represents T violation in the Higgs boson Yukawas. By inspecting table 2, we see that all T violation in the Higgs-fermion interactions for the types I through IV 2HDM, may be couched in terms of the ratio of the Higgs doublet expectation values tan β, and a single effective phase δ hff defined as
Note that as expected, the effective phase δ hff vanishes in the exact decoupling limit, and depends on the unique PQ invariant T-violating phase of the two Higgs doublet theory Arg(λ 5 e 2iξ ). The effective dimension-six T-violating phase δ hff may be expressed entirely in terms of Higgs potential couplings, as shown in appendix C. The result is
where in the last line we simply replaced sin 2β = 2 tan β/(1 + tan 2 β).
The cubic Higgs operator also leads to short-distance interactions between two and three Higgs bosons and two Standard Model fermions, which also violate T due to the same effective phase δ hff . These interactions are not relevant for the calculation of the eEDM at two-loops and are not discussed any further in this work. Summarizing, we find that all T violation beyond the CKM phase at dimension-six in the effective theory, for the types I-IV two Higgs doublet UV completions, is entirely due to the single effective dimension-six phase Eq. (16) contained exclusively in the Higgs-fermion interactions. This leads to a considerable simplification of the analysis of the eEDM within the 2HDM, discussed in the next section.
We conclude this section by briefly commenting on the Higgs-gauge boson and gauge boson-fermion couplings, which are relevant for the calculation of the eEDM. In the effective theory (7) there are no operators with Higgs doublets and gauge bosons, so we immediately see that the Higgs boson couplings to gauge bosons are left unmodified with respect to their Standard Model values at effective dimension-six,
Finally, note that the heavy Higgs bosons do not have trilinear couplings to two gauge bosons at leading order in the decoupling parameter, since near the decoupling limit they reside in the Higgs doublet that does not participate in electroweak symmetry breaking,
Due to the absence of heavy Higgs-gauge boson trilinear couplings, the effective theory (7) does not contain short distance dimension-six interactions with two gauge bosons and two fermions.
Type I Type II Type III Type IV 4 Bounds on Higgs boson contributions to the eEDM P and T violation in the 2HDM leads to an eEDM at two loops via Barr-Zee diagrams [50] [51] [52] 54] . In this section we constraint T violation in the types I-IV 2HDM using the latest 90% CL ACME II experimental limit on the eEDM, given by [13] d e < 1.1 × 10 −29 e cm .
As discussed in the previous section, the only source of T violation in the types I-IV 2HDM in the effective theory up to dimension-six, is a universal T-violating phase in the Higgs The leading two-loop contributions to the electron electric dipole moment that involve the Standard Model-like Higgs boson and third-generation fermions in the low energy effective theory of 2HDMs in the heavy Higgs decoupling limit. The dots represent parity and time-reversal violating Higgs-fermion interactions. In the 2HDM, these interactions arise from effective dimension-six operators generated by integrating out heavy Higgs bosons at tree-level. The diagrams with a Z-boson propagator are suppressed by two orders of magnitude with respect to the diagrams with a photon propagator [50] , and are neglected.
Yukawa couplings. This simplifies the determination of the eEDM, since T violation in the Higgs Yukawas leads only to two relevant types of Barr-Zee diagrams. First, there are diagrams with third-generation quarks or leptons in the loops with a T-violating Higgs coupling insertion on one of the fermion lines, illustrated in figure 1. These diagrams have been calculated in [47, 50, 56] .
3 Second, there are diagrams with W -bosons or ghosts in the loops illustrated in figure 2 , with a T-violating Higgs coupling insertion on the electron line, which we obtain from [51] . The results in [51] are presented in a unitary mixing description, so to make use of them we derive the relation between the unitary mixing description and our effective theory notation in appendix B. All the dimension-six gauge and fermion couplings of the Higgs needed for the calculation of the different diagrams are given in section 3. All the rest of the Barr-Zee diagrams contributing to the eEDM arise either at effective dimension-eight, or are numerically suppressed so they are neglected in what follows. In particular and as discussed in the previous section, diagrams with T-violating four-fermion interactions as in figure 3 (right) are GIM suppressed so they arise only at dimension-eight. Diagrams with interactions between two W bosons and two fermions as in figure 3 (left) , are of dimension-eight, cf. Eq. (18) . Diagrams with charged Higgs bosons replacing the W - boson in figure 2 require insertions of neutral Higgs Yukawa T violation, so they also arise at dimension-eight or higher. Diagrams with Z-bosons are numerically small since they are suppressed by factors of 1 − 4 sin 2 θ W . They lead at to an O(10%) correction of our EDM results [50, 51] , so we neglect them. Finally and for reference, the eEDM in the Standard Model arises first at four-loops, and the corresponding estimate is d e ≤ 10 −38 e cm [57] .
In summary, we obtain that the eEDM in terms of the T-violating Higgs interactions at effective dimension-six is given by
where α is the fine structure constant, 
Expressions (21) are the final result of this work. The eEDM for the types I-IV 2HDM up to effective dimension-six, can be expressed uniquely in terms of the universal T-violating dimension-six phase δ hff and the ratio of the Higgs vacuum expectation values tan β. The electron electric dipole moment for the types I-IV 2HDM as a function of the dimension-six phase δ hff and tan β is presented in figure 4 . In the figure, we also show in gray the 90% CL ACME II limits on the eEDM. For the type I 2HDM at tan β = 1, the phase is constrained by the eEDM limit to be at the per mille level or below. The 13 limits are weaker at large values of tan β due to the corresponding suppression of the Tviolating pieces of the Higgs Yukawas (see table 2 ). For the types II and III 2HDM the phase is constrained to be below the per mille level for most values of tan β, except in the region near tan β 1.3, where a cancellation between different diagrams contributing to the eEDM occurs. In the types II and III 2HDM, the constraints are stronger at large values of tan β due to the corresponding enhancement of the T-violating lepton Higgs Yukawas. The constraints for the type IV 2HDM are similar to the constraints for type I, but are stronger at large values of tan β due to a small contribution to the EDM coming from the T-violating coupling of the Higgs to bottom quarks. Alternatively, expressing the effective phase δ hff in terms of parameters of the two Higgs doublet theory using Eq. . The results are shown in figure 5 .
We also present in figure 6 the eEDM and the corresponding ACME II limits, as a function of tan β and the imaginary part of the coupling modifier to the up-type quark Yukawas Im κ u , defined in Eq. (14) . The complex modifier of the up-type quark Yukawas is constrained to be at the per mille level or below in all types of 2HDM for all values of tan β, except in a small region around tan β 1.3 for types II and III, due to the cancellation in the contributions to the EDM mentioned above. Since the imaginary parts of the Higgs Yukawas share a universal phase and are related by powers of tan β for the types I-IV 2HDM, the T-violating pieces of up, down and lepton Yukawas are correlated. For this reason, limits on Im κ u are due to both the top quark contribution to the eEDM, and to the contributions from the rest of the fermions. As an example, for the types II and III 2HDM, the bounds on Im κ u are strong at large tan β since for fixed Im κ u , the lepton coupling modifier Im κ is quadratically enhanced by tan β, and leads to a large EDM. In addition, since in the 2HDM with Glashow-Weinberg conditions the coupling modifiers are family-universal, these bounds apply to the imaginary part of the up, charm and top quark Yukawas.
In figure 7 we present the eEDM and the corresponding ACME II limits, as a function of tan β and the imaginary part of the complex coupling modifier to the lepton Yukawas Im κ . Note that Im κ is constrained to be below at the per mille level or below for all types of 2HDM and all values of tan β, except in the region around tan β 1.3 for the types II-III due to the cancellation discussed above.
Finally and for completeness, in figure 8 we present the results for the eEDM as a function of tan β and Im κ d , the imaginary part of the complex coupling modifier of the down-type quark Yukawas. We see that time-reversal violation in the down-type quark Yukawas is generically strongly constrained, except in the type IV 2HDM, where a large T-violating down-type Yukawa is still allowed for large values of tan β.
Conclusions
In this work, we studied the eEDM in the T-violating types I-IV two Higgs doublet theories near the decoupling limit, using an effective theory approach. We found that the leading contributions to the EDM come exclusively from Barr-Zee diagrams with effective dimension-six T-violating Higgs boson Yukawas generated by integrating out the heavy Higgs bosons. In particular, contributions from heavy Higgs-mediated T-violating fourfermion interactions are GIM suppressed, and arise only at effective dimension-eight. This leads to a simplification of the analysis of the eEDM for all the types I-IV 2HDM near the decoupling limit, allowing to express the EDM entirely in terms of two quantities: tan β and a single effective dimension-six T-violating phase δ hff . The dimension-six phase is defined by a unique combination of marginal and relevant Higgs potential couplings. No additional individual reference to the heavy-Higgs masses or Higgs potential couplings is needed to obtain the eEDM at dimension six.
We presented limits on the effective dimension-six phase for the four types of 2HDM using the latest ACME II results, and also presented bounds for the T-violating parts of the Higgs boson Yukawas. We found that T violation in Higgs Yukawas for all the types I-IV 2HDM and for all fermions is constrained to be at the per mille level times the corresponding Standard Model Yukawa or below for all values of tan β, except in two cases. First, for a small region around tan β 1.3 for the types II-III 2HDM, destructive interference between contributions to the eEDM allows for large T-violating Yukawas [47] to all fermions. The second exception is in the type IV 2HDM, where large T-violating Yukawas to down-type quarks are still allowed for large values of tan β.
Finally, in appendix D we presented limits on T-violating Higgs boson Yukawa couplings to the electron, tau lepton, top and bottom quarks for generic theories beyond the types I-IV 2HDM. We found that T violation in the top and electron Higgs Yukawas is constrained to be at or below the per mille level times the corresponding Standard Model Yukawa, while T violation in the bottom and tau Higgs Yukawas is constrained to be below 0.3 times the corresponding Standard Model Yukawa.
In this work we did not discuss proposed future measurements of T violation in the Higgs sector at colliders . These measurements could be complementary probes of T violation in Higgs-Yukawa interactions, especially in regions where destructive interference in the contribution to the eEDM from T violation in the different Higgs Yukawa interactions arises. A Two-loop Dipole Functions The two-loop dipole functions f (z), g(z) and h(z) that appear in the expression for the electron electric dipole are [50, 51] 
The two-loop function D(z) is [51]
where
with
B Relation Between 2HDM Effective Theory and Unitary Mixing Languages
The W -boson two-loop eEDM diagrams in [51] are expressed in the unitary mixing description proposed in [45] . In this appendix we provide the connection between the unitary mixing and effective field theory notations. In the unitary mixing description, T violation in the 2HDM arises due to mixing of neutral Higgs bosons. Reference [45] defines neutral Higgs boson mixing function,
where v 1 and v 2 are the condensates defined in Eq. (3) and (4). Note that the phases ξ 1,2 are not gauge invariant. We work in the gauge
Reference [45] then defines the wave-function factors Z 0 , Z 0 and Z 0 from the equality
where φ 1,2,3 are the neutral Higgs mass eigenstates, ordered by increasing value of mass. The W -boson two-loop eEDM diagrams in [51] are expressed as functions of Im Z 0 , the wave-function factor of the lightest neutral Higgs. We dedicate the rest of this appendix to find the relation between the wave-function factor Im Z 0 and our effective dimension-six T-violating phase δ hff defined in Eq. (15) . The strategy will be to first find Im Z 0 as a function of Higgs potential parameters, to then compare directly with expression (15). The function Im Z 0 is most easily obtained as a function of Higgs potential parameters using the Higgs basis. We define Higgs basis doublets
such that in the new basis, only one of the doublets is responsible for EWSB v We also define Higgs basis fields
The charged Higgs does not mediate T violation in the unitary mixing description [45] , so we concentrate on the neutral Higgs bosons. The massive neutral components of the doublets in the original basis can be expressed in term of neutral Higgs basis fields Eq.
,
where N aj is a non-unitary matrix fixed by Eq. (29) and (32),
The neutral massive eigenstates ϕ 1,2,3 are combinations of the Higgs basis neutral states h 1,2,3 . We identify the lightest mass eigenstate h ≡ ϕ 1 with the 125 GeV Higgs. The Higgs basis neutral states in terms of the massive eigenstates are
where the matrix V is given in [41] . In particular, the projections of Higgs basis states into the Higgs ϕ 1 are given by the complex alignment parameter Ξ [41]
The complex alignment parameter at lowest order in an expansion of the electroweak scale over the heavy Higgs mass scale is given by [41] Ξ e i Arg(λ *
We now express the correlation functions Eq. (26) in terms of projections into neutral massive eigenstates,
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where we sum over repeated indices. Here we consider only T violation in the propagation of the lightest mass eigenstate, which is all the source of T violation in the low energy theory at effective dimension-six as shown in section 3. Comparing Eq. (38) and (28) we obtain
Using Eq. (34), (36) and (37) in (39) we obtain
The Higgs basis couplingλ 6 in the above expression may be rewritten in terms of Higgs potential couplings of the original Glashow-Weinberg Higgs doublet basis, using the basis transformation relation Eq. (29) . The result is [41] 
Using Eq. (41) in (40) we obtain
where in the last line we made use of the definition of the effective dimension-six phase δ hff in Eq. (15) . Alternatively, we may express Im Z 0 in terms of the complex coupling modifiers of the lepton Yukawas, which are responsible for T violation in the W boson mediated two-loop diagrams. Since in [51] the W -boson mediated EDM diagrams are calculated for the type II 2HDM, we must use the relation Im κ = tan β sin δ hff from table 2. We obtain
The W -boson two-loop eEDM diagrams for the rest of the two Higgs doublet theories (types I,III and IV), may then be simply obtained by replacing Im κ by the corresponding expression from table 2.
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C Effective dimension-six phase in terms of Higgs potential phases
In this appendix we derive an expression for the effective dimension-six phase defined in Eq. (15) purely in terms of Higgs potential parameters, by solving for the condensate phase ξ using the Higgs potential minimization conditions. The Higgs potential Eq. (2) evaluated in the neutral vacuum defined in Eq. (3) is given by
The minimization condition of the condensate potential Eq. (44) for the effective phase ξ is 
In the unitary mixing language, the mass term |m
The leading contributions of the above T-violating Higgs Yukawa interactions to the eEDM come from two types of Barr-Zee diagrams. For T violation in the electron Yukawa, the leading contributions arise from two-loop diagrams with third-generation fermions in the loop, as in figure 1 (left) , or from diagrams with W -bosons (or ghosts), as in figure  2 . For T violation in the Higgs interactions with the τ lepton, top or bottom quarks, the leading contributions come from diagrams with the corresponding fermion in the loop, as illustrated in figure 1 (right) . The eEDM from these diagrams in terms of T-violating coupling modifiers is
Comparing Eq. (54) with the ACME II limit Eq. (19), we set limits on the T-violating electron, tau, top and bottom Yukawa interactions. We first set limits allowing for only one of the Yukawa coupling modifiers to be non-zero at a time. We obtain |Im κ e | < 2.0 × 10
T violation in the electron and top Yukawa is strongly constrained to be at or below the per mille level times the corresponding Standard Model Yukawa. Our limits are consistent with the ones presented in [79, 80] using the previous ACME limit [81] . The limits on the tau and bottom T-violating Yukawa modifiers are weaker, since the tau and bottom contributions to the eEDM come from the diagrams in figure 1 (left), which are suppressed by small tau and bottom mass insertions. The limits change when two or more T-violating Higgs Yukawa interactions are nonzero, since destructive interference between different contributions to the eEDM may arise. Consider for instance allowing for T violation in both the top and tau Yukawa interactions. Contours of the eEDM as a function of Im κ t and Im κ τ and the corresponding ACME II limits are presented in figure 9 . In figure 9 (left), we present the results considering the same sign for Im κ τ and Im κ t , whereas in figure 9 (right) we consider the opposite sign. In the former case, destructive interference is possible
4 . An exact cancellation between the top and tau contributions to the eEDM happens around Im κ τ 2.4 × 10 2 Im κ t . In this region, T violation in the top and tau Higgs Yukawa interactions cannot be constrained by limits on the eEDM. On the other hand, if we allow for T violation in the top and electron Yukawa modifiers instead, the results are presented in figure 10 for the two possible choices of relative signs between the two Yukawa modifiers. In this case, due to a difference in sign in the relevant diagrams for electron and top T-violating Yukawas, destructive interference arises when the sign of the imaginary part of these two Yukawas is the opposite. A complete cancellation between the two contributions happens around Im κ e −1.6 Im κ t . Finally, in figure 11 we allow for T violation in the bottom and electron Yukawas. A complete cancellation of the contributions to the eEDM occurs for Im κ b 1.9 × 10 2 Im κ e .
The leading contributions to the magnitude of the electron electric dipole moment in units of e cm near the heavy Higgs decoupling limit of the four types of 2HDMs that satisfy the Glashow-Weinberg condition as a function of the ratio of the Higgs doublet expectation values, tan β, and the single effective-dimension-six parity and time reversal violating phase that appears in Yukawa couplings of the Standard Model-like Higgs boson to fermions, sin δ hff . The shaded region is excluded at 90% CL by the current bound on the electron electric dipole moment of |d e | < 1.1 × 10 −29 e cm from the ACME II experiment [13] .
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The leading contributions to the magnitude of the electron electric dipole moment in units of e cm near the heavy Higgs decoupling limit of the four types of 2HDMs that satisfy the Glashow-Weinberg condition as a function of the ratio of the Higgs doublet expectation values, tan β, and the imaginary part of the multiplicative modification of the Yukawa coupling of the Standard Model-like Higgs boson to the up-type quarks, Im κ u . The shaded region is excluded at 90% CL by the current bound on the electron electric dipole moment of |d e | < 1.1 × 10 −29 e cm from the ACME II experiment [13] . The leading contributions to the magnitude of the electron electric dipole moment in units of e cm near the heavy Higgs decoupling limit of the four types of 2HDMs that satisfy the Glashow-Weinberg condition as a function of the ratio of the Higgs doublet expectation values, tan β, and the imaginary part of the multiplicative modification of the Yukawa coupling of the Standard Model-like Higgs boson to leptons, Im κ . The shaded region is excluded at 90% CL by the current bound on the electron electric dipole moment of |d e | < 1.1 × 10 −29 e cm from the ACME II experiment [13] . region is excluded at 90% CL by the current bound on the electron electric dipole moment of |d e | < 1.1 × 10 −29 e cm from the ACME II experiment [13] . Figure 9 : Contributions to the magnitude of the electron electric dipole moment in units of e cm from a theory with P-and T-violating Higgs Yukawa couplings to the top quark and tau lepton. κ t,τ are coupling modifiers defined in Eq. (53) , which are assumed to be purely imaginary. The rest of the Higgs couplings to fermions and gauge bosons are set to their Standard Model values. The shaded region is excluded at 90% CL by the current bound on the electron electric dipole moment of |d e | < 1.1 × 10 −29 e cm from the ACME II experiment [13] . Contributions to the magnitude of the electron electric dipole moment in units of e cm from a theory with P-and T-violating Higgs Yukawa couplings to the top quark and electron. κ t,e are coupling modifiers defined in Eq. (53) , which are assumed to be purely imaginary. The rest of the Higgs couplings to fermions and gauge bosons are set to their Standard Model values. The shaded region is excluded at 90% CL by the current bound on the electron electric dipole moment of |d e | < 1.1 × 10 −29 e cm from the ACME II experiment [13] . Contributions to the magnitude of the electron electric dipole moment in units of e cm from a theory with P-and T-violating Higgs Yukawa couplings to the bottom quark and electron. κ b,e are coupling modifiers defined in Eq. (53) , which are assumed to be purely imaginary. The rest of the Higgs couplings to fermions and gauge bosons are set to their Standard Model values. The shaded region is excluded at 90% CL by the current bound on the electron electric dipole moment of |d e | < 1.1 × 10 −29 e cm from the ACME II experiment [13] .
